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PROOF OF TWO CONJECTURES OF Z.-W. SUN
GUO-SHUAI MAO AND TAO ZHANG
Abstract. In this paper, we prove two conjectures of Z.-W. Sun,
2n
(
2n
n
)∣∣∣∣
n−1∑
k=0
(3k + 1)
(
2k
k
)3
16n−1−k for all n = 2, 3, · · · ,
and
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
≡ p+ 2
(
−1
p
)
p3Ep−3 (mod p
4)
where p > 3 is a prime and E0, E1, E2, · · · are Euler numbers.
1. Introduction
Let p > 3 be a prime. In 2011, Z.-W. Sun [Su1] investigated super-
congruences and Euler numbers. He proved that
p−1∑
k=0
(
2k
k
)
2k
≡ (−1)(p−1)/2 − p2Ep−3 (mod p
3),
(p−1)/2∑
k=1
(
2k
k
)
k
≡ (−1)(p+1)/2
8
3
pEp−3 (mod p
2),
p−1∑
k=0
(
2k
k
)2
16k
≡ (−1)(p−1)/2 + p2Ep−3 (mod p
3),
and proposed the followng conjectures.
Conjecture 1.1. [Su1, Conjecture 5.1].
Key words and phrases. Central binomial coefficients, congruences, divisibility
problem.
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(i) For each n = 2, 3, · · · we have
2n
(
2n
n
)∣∣∣∣
n−1∑
k=0
(3k + 1)
(
2k
k
)3
16n−1−k,
2n
(
2n
n
)∣∣∣∣
n−1∑
k=0
(6k + 1)
(
2k
k
)3
256n−1−k,
2n
(
2n
n
)∣∣∣∣
n−1∑
k=0
(42k + 5)
(
2k
k
)3
4096n−1−k,
(ii) Let p > 3 be a prime. Then
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
≡ p+ 2
(
−1
p
)
p3Ep−3 (mod p
4),
p−1∑
k=0
6k + 1
256k
(
2k
k
)3
≡ p
(
−1
p
)
− p3Ep−3 (mod p
4),
p−1∑
k=0
42k + 5
4096k
(
2k
k
)3
≡ 5p
(
−1
p
)
− p3Ep−3 (mod p
4),
where
(
·
p
)
denotes the Legendre symbol.
We know the congruence conjecture
p−1∑
k=0
42k + 5
4096k
(
2k
k
)3
≡ 5
(
−1
p
)
− p3Ep−3 (mod p
4)
was solved by D.-W. Hu and G.-S. Mao [HM]. Many of other conjec-
tures in [Su1, Conjecture 5.1] remain open.
In [Su2], Z.-W. Sun proved some products and sums divisible by
central binomial coefficients, like
2(2n+ 1)
(
2n
n
)∣∣∣∣
(
6n
3n
)(
3n
n
)
for all n = 1, 2, 3, · · · .
For any positive integer n,
4(2n+ 1)
(
2n
n
)∣∣∣∣
n∑
k=0
(4k + 1)
(
2k
k
)3
(−64)n−k
and
4(2n+ 1)
(
2n
n
)
|
n∑
k=0
(20k + 3)
(
2k
k
)2(
4k
2k
)
(−210)n−k
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Victor J.W. Guo [G1] also did some conjectures of Z.-W. Sun on the
divisibility problems, such as
(2n− 1)
(
3n
n
)∣∣∣∣
n∑
k=0
(
6k
3k
)(
3k
k
)(
6(n− k
3(n− k)
)(
3(n− k)
n− k
)
,
and in [G2] he also showed that
(2n+ 3)
(
2n
n
)∣∣∣∣3
(
6n
3n
)(
3n
n
)
and (10n+ 3)
(
3n
n
)∣∣∣∣21
(
15n
5n
)(
5n
n
)
.
Motivated by the above work, we obtain the following result.
Theorem 1.1. For any integer n = 2, 3, 4, . . ., we have
2n
(
2n
n
)∣∣∣∣
n−1∑
k=0
(3k + 1)
(
2k
k
)3
16n−1−k. (1.1)
We will prove Theorem 1.1 in Section 2.
In 2012, J. Guillera and W. Zudilin [WZ] proved that
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
≡ p (mod p3)
using Wilf-Zeilberger method.
Recently, G.-S. Mao and Z.-W. Sun [MS] proved that
p−1∑
k=1
(
2k
k
)
k
Hk ≡
2
3
p−1∑
k=1
(
2k
k
)
k2
(mod p).
Combine them toghether, we obtain the following result.
Theorem 1.2. Let p > 3 be a prime. Then
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
≡ p + 2
(
−1
p
)
p3Ep−3 (mod p
4), (1.2)
where Hn :=
∑n
k=1(n = 1, 2, · · · ) denote the Harmonic numbers.
We will prove Theorem 1.2 in Section 3.
2. Proof of Theorem 1.1
Lemma 2.1. [Kummer, 1852] The p-adic valuation of the binomial co-
efficient
(
m+n
m
)
is equal to the number of ’carry-overs’ when performing
the addition of n and m, written in base p.
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Lemma 2.2. For any positive integer n ≥ 6 and n 6= 2m +1, where m
is an integer, we have
n− ord2((n− 1)!) ≥ 3,
where ord2((n− 1)!) =
∑
∞
i=1⌊
n−1
2i
⌋.
Proof. Set n = a1a2 · · · ak, where a1 = 1, and ai ∈ {0, 1} for all
2 ≤ i ≤ k, n ≥ 6, so we have k > 2.
Case 1. 2 | n, so ak = 0, if ak−1 = 0, then 4 | n, and we know 2 |
(
2n
n
)
,
thus 8 | n
(
2n
n
)
. else if ak−1 = 1, then 2 | n and 4 ∤ n, but we know
k > 2, and a1 = 1, so by Kummer’s Theorem we can get that 4 |
(
2n
n
)
,
hence 8 | n
(
2n
n
)
.
Case 2. 2 ∤ n, so ak = 1, we have k > 2 and a1 = 1, but n 6= 2
m + 1,
so there exists an 2 ≤ i ≤ k − 1 such that ai = 1, so by Kummer’s
Theorem we can deduce that 8 |
(
2n
n
)
, thus 8 | n
(
2n
n
)
.
So we have ord2(n
(
2n
n
)
) ≥ 3, we know n
(
2n
n
)
= 2
n(2n−1)!!
(n−1)!
, so
ord2(n
(
2n
n
)
) = n− ord2((n− 1)!),
therefore
n− ord2((n− 1)!) ≥ 3.
So we have done the proof of Lemma 2.2.
Lemma 2.3. For any positive integer n ≥ 6 and n = 2m +1, where m
is an integer, then for any 1 ≤ k ≤ n− 2 we have
2 |
(
n− 1
k
)
.
Proof. We know
(
n−1
k
)
=
(
2m
k
)
= 2
m
k
(
2m−1
k−1
)
, so ord2(
(
2m
k
)
) ≥ m −
ord2(k) ≥ 1 for all 1 ≤ k ≤ n − 2, so we have ord2(
(
n−1
k
)
) ≥ 1 for all
1 ≤ k ≤ n− 2. Thus we get the desired result.
Lemma 2.4. For any positive integer n ≥ 6 and n = 2m +1, where m
is an integer, then we have
8 |
(
4n− 2
2n− 1
)
+ 2
(
2n− 2
n− 1
)
.
Proof. First we know(
4n− 2
2n− 1
)
=
(4n− 2)(4n− 3) · · · (2n+ 1)(2n)!
(2n− 1)2(2n− 2)2 · · · (n+ 1)2(n!)2
=
2n(4n− 3)!!
(2n− 1)!!(n− 1)!
=
2n(4n− 3)(4n− 5) · · · (2n+ 1)
(n− 1)!
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hence (
4n− 2
2n− 1
)
+ 2
(
2n− 2
n− 1
)
=
2n(4n− 3)(4n− 5) · · · (2n+ 1)
(n− 1)!
+
2n(2n− 3)!!
(n− 1)!
=
2n
(n− 1)!
((4n− 3)(4n− 5) · · · (2n+ 1) + (2n− 3)!!).
We can see that (4n− 3)(4n− 5) · · · (2n+1)+ (2n− 3)!! ≡ 0 (mod 2).
So we can deduce that
ord2(
(
4n− 2
2n− 1
)
+2
(
2n− 2
n− 1
)
) ≥ n+1−ord2((n−1)!) = n+1−ord2(n!),
since n = 2m + 1 is an odd integer. While n ≥ 6 and n = 2m + 1 we
have
n + 1− ord2(n!) = 2
m + 2−
∞∑
i=1
⌊
2m + 1
2i
⌋
=2m + 2− (2m−1 + 2m−2 + · · ·+ 2 + 1) = 2m + 2− (2m − 1) = 3.
Therefore ord2(
(
4n−2
2n−1
)
+ 2
(
2n−2
n−1
)
) ≥ 3, that is 8 |
(
4n−2
2n−1
)
+ 2
(
2n−2
n−1
)
, so
we finish the proof of Lemma 2.4.
Lemma 2.5. [MS, Lemma3.2] For any nonnegative integer n, we have
n∑
k=0
(
n
k
)2(
x+ k
2n+ 1
)
=
1
(4n+ 2)
(
2n
n
)
n∑
k=0
(2x− 3k)
(
x
k
)2(
2k
k
)
.
Proof of Theorem 1.1. For all n = 2, 3, · · · , replacing n by n − 1 and
x = −1
2
in Lemma 2.5, we can deduce that
n−1∑
k=0
(
n− 1
k
)2(
−1
2
+ k
2n− 1
)
=
1
(4n− 2)
(
2n−2
n−1
)
n−1∑
k=0
(−1− 3k)
(
−1
2
k
)2(
2k
k
)
.
We know the right side is −1
n(2n
n
)
∑n−1
k=0(3k+1)
(2k
k
)
3
16k
. So we want to prove
Theorem 1.1, we just need to show
16n−1
2
n−1∑
k=0
(
n− 1
k
)2(
−1
2
+ k
2n− 1
)
∈ Z.
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While we know that
16n−1
2
n−1∑
k=0
(
n− 1
k
)2(
−1
2
+ k
2n− 1
)
=
1
8
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
,
so we just need to show
1
8
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
∈ Z.
For any real numbers x and y, we have (see, for example,[PS, Division
8, Problems 8 and 136])
⌊2x⌋ + ⌊2y⌋ ≥ ⌊x⌋ + ⌊y⌋+ ⌊x+ y⌋,
⌊x+ y⌋ ≥ ⌊x⌋ + ⌊y⌋.
So for any integer m > 1 we have
⌊
2k
m
⌋+ ⌊
4n− 2k − 2
m
⌋ ≥ ⌊
k
m
⌋ + ⌊
2n− 1
m
⌋+ ⌊
2n− k − 1
m
⌋,
that is to say for any prime p we have
∞∑
i=1
(⌊
2k
pi
⌋ + ⌊
4n− 2k − 2
pi
⌋ − ⌊
k
pi
⌋ − ⌊
2n− 1
pi
⌋ − ⌊
2n− k − 1
pi
⌋) ≥ 0,
hence
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
∈ Z.
While
(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
=
2n(2k − 1)!!(4n− 2k − 3)!!
(2n− 1)!!(n− 1)!
,
so
ord2(
(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
) = n− ord2((n− 1)!) ≥ 1
for all integer n ≥ 2, then
2 | a(n, k) :=
(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
. (2.1)
With Lemma 2.2 we have 8 | (2k)!(4n−2k−2)!
k!(2n−1)!(2n−k−1)!
for all integer n ≥ 6 and
n 6= 2m + 1, where m is an integer.
With Lemma 2.3 and (2.1), we have 8 |
(
n−1
k
)2 (2k)!(4n−2k−2)!
k!(2n−1)!(2n−k−1)!
for all
1 ≤ k ≤ n− 2, where n = 2m + 1 ≥ 6 and m ia an integer.
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With Lemma 2.4 we know when k = 0 and k = n − 1, we have
8 | a(n, 0) + a(n, n − 1) for all integer n = 2m + 1 ≥ 6, where m is an
integer.
So combing these we can deduce that for all integer n ≥ 6 we have
8 |
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
,
that is to say
1
8
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
∈ Z
for all integer n ≥ 6.
When n = 2, 3, 4, 5, we have
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
equals to −16,−152,−1664,−20072 respectively, we can easily check
that −16,−152,−1664,−20072 are divisible by 8.
So combining these we can finally get that for all n = 2, 3, 4, · · · , we
have
1
8
n−1∑
k=0
(
n− 1
k
)2
(−1)k+1(2k)!(4n− 2k − 2)!
k!(2n− 1)!(2n− k − 1)!
∈ Z.
Then we complete the proof of Theorem 1.1. 
3. Proof of Theorem 1.2
Lemma 3.1 (Staver [S]). For any n ∈ Z+ we have
n∑
k=1
(
2k
k
)
k
=
n+ 1
3
(
2n+ 1
n
) n∑
k=1
1
k2
(
n
k
)2 (3.1)
Lemma 3.2 (Morley [M]). Let p > 3 be a prime. Then((
p− 1
(p− 1)/2
))
≡
(
−1
p
)
4p−1 (mod p3). (3.2)
Lemma 3.3. Let p > 3 be a prime. For any 0 < k ≤ (p − 1)/2, we
have
1
p
(
p− 1 + 2k
(p− 1)/2 + k
)
≡
(
−1
p
)
4p−1
42k
2k
(
2k
k
)(1−p(H2k−1−Hk−1)) (mod p2).
(3.3)
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In particular,
1
p
(
p− 1 + 2k
(p− 1)/2 + k
)
≡
(
−1
p
)
42k
2k
(
2k
k
) (mod p). (3.4)
Proof. Expand the LHS and use the Morley congruence (3.2), we have
1
p
(
p− 1 + 2k
(p− 1)/2 + k
)
=
(
p− 1
(p− 1)/2
)
(p+ 1) · · · (p+ 2k − 1)
(
∏k
j=1(p+ 2j − 1)/2)
2
≡
(
−1
p
)
4p−1
(2k − 1)!(1 + pH2k−1)2
2k∏k
j=1(p+ 2j − 1)
2
≡
(
−1
p
)
4p−1
(2k − 1)!(1 + pH2k−1)2
2k∏k
j=1((2j − 1)
2 + 2p(2j − 1))
≡
(
−1
p
)
4p−1
(2k − 1)!(1 + pH2k−1)2
2k
((2k − 1)!!)2(1 + 2p
∑k
j=1 1/(2j − 1))
=
(
−1
p
)
4p−1+2k(1 + pH2k−1)
2k
(
2k
k
)
(1 + 2p(H2k−1 −Hk−1/2))
(mod p2).
Note that
1
1 + 2p(H2k−1 −Hk−1/2)
=
1− 2p(H2k−1 −Hk−1/2)
1− 4p2(H2k−1 −Hk−1/2)2
≡ 1− 2p(H2k−1 −Hk−1/2) (mod p
2).
Hence,
1
p
(
p− 1 + 2k
(p− 1)/2 + k
)
≡
(
−1
p
)
4p−1+2k
2k
(
2k
k
) (1 + pH2k−1)(1− 2p(H2k−1 −Hk−1/2))
≡
(
−1
p
)
4p−1+2k
2k
(
2k
k
) (1− p(H2k−1 −Hk−1)) (mod p2),
as desired. The last statment follows immediately from Fermat’s Little
Theorem. 
Lemma 3.4. Let p > 3 be a prime. For any 0 < k ≤ (p − 1)/2, we
have
1
p
(
p− 1 + 2k
2k
)
≡
1
2k
(1 + pH2k−1) (mod p
2) (3.5)
In particular,
1
p
(
p− 1 + 2k
2k
)
≡
1
2k
(mod p). (3.6)
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Proof. Expand the LHS, we have
1
p
(
p− 1 + 2k
2k
)
=
(2k + 1) · · · (p− 1)
1 · · · (p− 2k − 1)
·
1
p− 2k
·
(p+ 1) · · · (p+ 2k − 2)
(p− 2k + 1) · · · (p− 1)
1
2k
p−2k−1∏
j=1
(1− p/j) ·
1
1− p/2k
·
2k−1∏
j=1
1 + p/j
1− p/j
≡
1
2k
(1− pHp−1−2k)(1 + p/2k)(1 + 2pH2k−1)
≡
1
2k
(1− pHp−1−2k + p/2k + 2pH2k−1) (mod p
2).
Recall that Wolstenholem [W] proved that for any prime p > 3,
Hp−1 ≡ 0 (mod p
2).
If follows that
Hp−2k−1 ≡ −Hp−1 +Hp−2k−1 = −
2k∑
j=1
1/(p− j)
≡ −
2k∑
j=1
1/(−j) = H2k (mod p).
Therefore,
1
p
(
p− 1 + 2k
2k
)
≡
1
2k
(1 + pH2k−1) (mod p2).

Lemma 3.5. Let p > 3 be a prime. Then
(p−1)/2∑
k=1
42k
k2
(
2k
k
)2 ≡ (−1)(p−1)/2 3p41−p
(p−1)/2∑
k=1
(
2k
k
)
k
(mod p) (3.7)
Proof. Note that
(
(p− 2)/1
k
)
≡
(
−1/2
k
)
=
(
2k
k
)
(−4)k
(mod p).
It follows that
(p−1)/2∑
k=1
42k
k2
(
2k
k
)2 =
(p−1)/2∑
k=1
(−4)2k
k2
(
2k
k
)2 ≡
(p−1)/2∑
k=1
1
k2
(
p−1/2
k
)2 (mod p).
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By Staver idendity (3.1), we have
(p−1)/2∑
k=1
42k
k2
(
2k
k
)2 ≡ 3p+1
2
(
p
(p−1)/2)
)
(p−1)/2∑
k=1
(
2k
k
)
k
=
3
p+1
2
p
(p+1)/2
(
p−1
(p−1)/2
)
(p−1)/2∑
k=1
(
2k
k
)
k
≡ (−1)(p−1)/2
3
p
41−p
(p−1)/2∑
k=1
(
2k
k
)
k
(mod p),
where we use Morley congruence (3.2) in the last step.
Proof of Theorem 1.2. Take the same WZ pair F (k, j) and G(k, j) as
in [WZ],
F (k, j) =
2k + 2j + 1
16k
(
2k
k
)2 (2k+2j
k+j
)(
2k+2j
2j
)
(
2j
j
) ,
G(k, j) = −
2(2k − 1)
16k−1
(
2k − 2
k − 1
)2 (2k+2j−2
k+j−1
)(
2k+2j−2
2j
)
(
2j
j
) .
We know that F (k, j) and G(k, j) have the following relation,
F (k, j − 1)− F (k, j) = G(k + 1, j)−G(k, j).
Sum the above equation, first from k = 0 to k = (p − 1)/2, then
from j = 1 to (p− 1)/2, we get
(p−1)/2∑
k=0
(F (k, 0)− F (k, (p− 1)/2)) =
(p−1)/2∑
j=1
(G((p+ 1)/2, j)−G(0, j)).
Note that G(0, j) = 0 and
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
=
(p−1)/2∑
k=0
F (k, 0),
we have
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
=
(p−1)/2∑
k=0
F (k, (p− 1)/2) +
(p−1)/2∑
j=1
G((p+ 1)/2, j).
Hence, it suffices to determine
(p−1)/2∑
k=0
F (k, (p− 1)/2) and
(p−1)/2∑
j=1
G((p+ 1)/2, j) (mod p4).
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First, let’s consider
G((p+ 1)/2, j) = −
2p
4p−1
(
p− 1
(p− 1)/2
)2 ( p−1+2j
(p−1)/2+j
)(
p−1+2j
2j
)
(
2j
j
)
= −
2p3
4p−1
·
(
p−1
(p−1)/2
)2
(
2j
j
) ·
(
p−1+2j
(p−1)/2+j
)
p
·
(
p−1+2j
2j
)
p
.
Apply Lemma 3.2, 3.3, 3.4 and 3.5, we get
(p−1)/2∑
j=1
G((p+ 1)/2, j) ≡ −
3
2
p2
(p−1)/2∑
j=1
(
2j
j
)
j
(mod p4).
Now, let’s consider
F (k, (p− 1)/2) =
3k + p
16k
(
2k
k
)2 ( 2k+p−1
k+(p−1)/2
)(
2k+p−1
2k
)
(
p−1
(p−1)/2
) .
Apply Lemma 3.2, 3.3 and 3.4
(p−1)/2∑
k=0
F
(
k,
p− 1
2
)
=p+
(p−1)/2∑
k=1
p
16k
(
2k
k
)2 ( 2k+p−1
k+(p−1)/2
)(
2k+p−1
2k
)
(
p−1
(p−1)/2
) +
(p−1)/2∑
k=1
3k
16k
(
2k
k
)2 ( 2k+p−1
k+(p−1)/2
)(
2k+p−1
2k
)
(
p−1
(p−1)/2
)
≡p+
p3
4
(p−1)/2∑
k=1
(
2k
k
)
k2
+
3p2
4
(p−1)/2∑
k=1
(
2k
k
)
k
(1− pH2k−1 + pHk−1)(1 + pH2k−1)
≡ p+
p3
4
(p−1)/2∑
k=1
(
2k
k
)
k2
+
3p2
4
(p−1)/2∑
k=1
(
2k
k
)
k
(1 + pHk−1) (mod p
4).
Combine all these above together, we have
(p−1)/2∑
k=0
3k + 1
16k
(
2k
k
)3
≡ p−
3
4
p2
(p−1)/2∑
k=1
(
2k
k
)
k
−
1
2
p3
(p−1)/2∑
k=1
(
2k
k
)
k2
+
3
4
p3
(p−1)/2∑
k=1
(
2k
k
)
k
Hk (mod p
4).
Fianlly, apply the congruence ([Su1])
(p−1)/2∑
k=1
(
2k
k
)
k
≡ (−1)(p+1)/2
8
3
pEp−3 (mod p
2),
12 GUO-SHUAI MAO AND TAO ZHANG
and the congruence ([MS])
p−1∑
k=1
(
2k
k
)
k
Hk ≡
2
3
p−1∑
k=1
(
2k
k
)
k2
(mod p).
we get the desired result.
Acknowledgment. The authors would like to thank Professor Zhi-
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References
[G1] J.W. Guo, Proof of Sun’s conjecture on the divisibility of certain binomial
sums, Electron. J. Combin. 20(4) (2013).
[G2] J.W. Guo, Proof of two divisibility properties of binomial coefficients con-
jectured by Z.-W.Sun, Electron. J. Combin. 21(2)(2014).
[HM] D.-W. Hu and G.-S. Mao, On an extension of a Van Hamme supercongru-
ence, in press.
[HP] K.-H. Pilehrood and T.-H. Pilehrood, Bivariate identities for values of the
Hurwitz zeta function and supercongruences. Electron. J. Combin. 18 (2011),
no. 2, Paper 35, 30 pp.
[M] F. Morley, Note on the congruence 24n ≡ (−1)2(2n)!/(n!)2, where 2n+1 is
a prime, Ann. Math., 9 (1895), 168–170.
[MS] G.-S. Mao and Z.-W. Sun, Two congruences involving harmonic numbers
with applications, Int. J. Number Theory, 12 (2016), no.02, 527–539.
[PS] G. Po´lya and G. Szego˝, Problems and Theorems in Analysis, vol. II,
Grundlehren Math. Wiss., vol. 216. Springer, Berlin, (1976).
[S] T.B. Staver, Om summasjon av potenser av binomialkoeffisienten, Norsk
Mat. Tidsskrift, 29 (1947), 97–103.
[Su2] Z.-W. Sun, Products and sums divisible by central binomial coefficients,
Electron. J. Combin. 20 (2013), no.1, 1–14.
[Su1] Z.-W. Sun, Super congruences and Euler numbers, Sci. China Math. 54
(2011), no.12, 2509–2535.
[Su3] Z.-W. Sun, Open conjectures on congruences, Preprint, arXiv:0911.5665.
[W] J. Wolstenholme, On certain properties of prime numbers, Quart. J. Math.,
5 (1862), 35–39.
[WZ] J. Guillera and W. Zudilin, “Divergent” Ramanujan-type supercongruences,
Amer. Maath. Soc., 14(3) (2012), 765–777, .
(Guo-Shuai Mao) Department of Mathematics, Nanjing University,
Nanjing 210093, People’s Republic of China
E-mail address : mg1421007@smail.nju.edu.cn
(Tao Zhang) Department of Mathematics, University of Maryland,
College Park, MD 20742, USA
E-mail address : taozhang@math.umd.edu
